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Introduction
Beneficial effects of dietary additives such as
probiotics, prebiotics and organic acids, on the en-
ergy and protein utilization of poultry have been
reported (Samarasinghe et al., 2003; Angel et al.,
2005; Pirgozliev et al., 2008; Yang et al., 2008). It
has also been suggested that, feed additives may be
more efficient when low nutrient diets are fed. Gen-
erally, low density diets are more profitable and re-
sulted in less environmental pollution problems. In
recent years, the high price of protein sources as
well as environmental concerns related to high ni-
trogen excretion have resulted in increasing interest
for using low protein diets in poultry production
(Torres-Rodriguez et al., 2005).
Organic acids have been used for decades in
feed preservation, either for protecting feed from
microbial and fungal destruction or to increase the
preservation effect of fermented feed, e.g. silage.
Organic acids are not antibiotics but, if used cor-
rectly along with nutritional, managerial and bio-
security measures, they can be a powerful tool in
maintaining the health of the gastrointestinal tract
of poultry, resulting in improving their perform-
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The present study was performed to investigate the effect of feeding citric acid with dif-
ferent protein levels on duck performance, carcass traits and blood parameters. A total
number of 40 two weeks old Molar ducklings were randomly distributed into 4 equal
groups, each of 10. The control diet was formulated to contain approximately crude protein
(CP) (16%) and metabolizable energy (3000 kcal/kg diet) as recommended by NRC (1994).
The first group was fed on control diet (16% CP) without any feed additives, while groups
2, 3 and 4 (T2, T3 and T4) were fed on basal diets containing 16, 14 and 12% CP respec-
tively and supplemented with citric acid at 1.50% of the grower-finisher diet. The results
showed that, birds fed on 16% protein diet supplemented with citric acid recorded signif-
icantly the best live body weight, body weight gain, feed intake and feed conversion com-
pared with other treatments. There were no significant differences in hot carcass
percentage, eviscerated percentage, dressing percentage and relative percentage of internal
organs (gizzard, heart, liver and spleen) between different experimental groups. There were
no significant differences in the level of serum total protein and triglycerides, while there
were significant (P<0.05) differences in serum albumin, globulin, cholesterol and uric acid
between control group and other treatments. There were no significant differences in the
intestinal pH between different experimental groups. The relative economic feed efficiency
was the highest in birds fed 16% protein diet supplemented with citric acid compared with
other treated groups. It could be concluded that, dietary inclusion of 1.50 % citric acid in
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ances. Feeding of organic acids may suppress the
growth of certain species of bacteria, particularly
acid intolerant species such as E. coli, Salmonella
sp. and Campylobacter sp. (Ricke, 2003; Dibner,
2004). Their principle rule is to lower and supplies
the pH in the stomach and intestines so that the gut
environment is too acidic for normal bacterial
growth. Additionally, they improve protein diges-
tion in young animal by stimulating pancreatic en-
zyme secretion (Mellor, 2000). Thus, dietary
organic acids can suppress the growth of patho-
genic bacteria, encourage the growth of beneficial
microflora and ensure that, the enzymes function
is at maximal capacity (Broek, 2000; Dibner and
Winter, 2002; Ricke, 2003; Dibner, 2004).
Practically, organic acids work in poultry not
only as a growth promoter but also as a meaningful
tool of controlling all enteritis bacteria, both path-
ogenic and non-pathogenic (Naidu, 2000;
Wolfenden et al., 2007). Moreover, feeding organic
acids is believed to have several beneficial effects
such as improving feed conversion ratio, growth
performance, enhancing minerals absorption and
speeding recovery from fatigue (Gornowicz and
Dziadek, 2002) and also provided people with
healthy and nutritious poultry products (Patten and
Waldroup, 1988).
The use of citric acid creates an acidic environ-
ment (pH 3.5 to 4.0) in the gut that favors the de-
velopment of lactobacilli and inhibits the
replication of Escherichia coli, Salmonella, and
other gram-negative bacteria (Chowdhury et al.,
2009).
Materials and methods
Birds, housing and feeding
A total number of 40 two weeks old Molar
ducklings were weighed (286±3.60) and randomly
distributed into 4 equal groups, each of 10. Ducks
were reared under similar environmental and man-
agerial conditions during the period from 2-10
weeks of age.
The first group was fed a diet free from citric
acid (CA) and considered as control. The other
three groups were fed on diets with different pro-
tein levels (16, 14 and 12%) supplemented with cit-
ric acid at level of 1.50%.
The ducklings in the four groups were fed ad li-
bitum on the respective diets in pellet form and
given free access to fresh and clean water (Table
1). 
Measurements
Performance characteristics including body
weight, body weight gain, feed intake and feed con-
version ratio were calculated. The proximate analy-
sis of the experimental feeds was performed using
procedures detailed by the Association of Official
Analytical Chemistry (AOAC, 1990).
Carcass Traits
At the end of the experiment, three birds from
each group were randomly taken, individually
weighed and slaughtered by severing the carotid ar-
tery and jugular veins. After four minutes of bleed-
ing, each bird was dipped in a water bath for two
minutes and feathers were removed by hand. After
the removal of head, carcasses were manually evis-
cerated to determine some carcass traits including
dressing % (eviscerated carcass without head, neck
and legs) and giblets % (gizzard, liver, spleen and
heart). The organ weight was expressed as relative
weight proportionate to pre-slaughter live body
weight.
Serum samples and biochemistry
At the end of the experiment, three randomly
selected birds from each group were slaughtered
after fasting overnight. Blood samples were col-
lected from the selected birds of each treatment, al-
lotted to clot at ambient temperature, centrifuged
for 15 minutes at 3000 rpm and serum from each
sample was extracted. The serum samples were
kept at -20 °C until further analysis. Serum samples
were assayed for estimation of total protein and its
fractions (albumin and globulin), triglycerides,
cholesterol and uric acid by spectrophotometer
using commercial test kits (Spectrum, Cairo,
Egypt).
Measurement of pH in gastrointestinal content
Values of pH in contents from different parts of
gastrointestinal tract were measured immediately
by using a digital pH meter. To determine the pH,
10 g of gut content from duodenum, jejunum and
ileum were collected aseptically in 90 ml sterilized
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physiological saline (1:10 dilution) (Al-Natour and
Alshawabkeh, 2005) and pH was determined.
Total feed cost, total production cost, price of
body weight, net revenue and economic feed effi-
ciency were calculated.
Statistical analysis
All data were analyzed using one way analysis of
variances (ANOVA) followed by LSD test using
SPSS 11.0 statistical software (SPSS, Inc, Chicago,
IL,2001), www.spss.com. 
Results
The results of body weight and gain of ducks
(Table 2 and 3) indicated that, the live body weight
of ducks fed 16% protein diet supplemented with
CA was significantly (P< 0.05) higher than those
fed control diet at the fourth week of the trial and
continued until the end of experiment.
There was no significant (P>0.05) difference in
live body weight between ducks fed 14% protein
diet supplemented with CA and the control at the
whole period of the experiment.
The obtained results also indicated that the live
body weight of ducks fed12% protein diet supple-
mented with CA was significantly (P<0.05) lower
than those fed control one. 
The results also cleared that, the birds fed 16
and 14% protein diet supplemented with CA have
higher total gain (3244 and 2868g, respectively),
while birds fed 12% protein diet supplemented
with CA gave the lower one (2339g) compared
with the control (2784g).
Comparing the results among citric acid treat-
ment groups cleared that, the birds fed 16% protein
diet supplemented with CA have significantly
(P<0.05) higher body weight than those fed 14 and 
12% protein diet supplemented with CA from
4-8 weeks of the experiment.
The results in Table 4 showed that, the total feed
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Table 1. Composition and energy value of the experimental diets. 
*Each 3 kg contains : Vit. A, 1200000 IU ; Vit. D3, 300000 IU ; Vit. E, 700 mg ;  Vit. k3, 500 mg ;Vit. B1, 500 mg ; Vit. B2, 200 mg ; Vit.
B6, 600 mg ; Vit. B12, 3 mg ; Vit. C, 450 mg;  Niacin, 3000 mg; Methionine, 3000 mg; Pantothenicacid, 670 mg ; Folicacid 300 mg;
Biotin, 6 mg; Choline chloride, 10000 mg; Magnesiumsulphate, 3000 mg; Copper sulphate, 3000 mg; Ironsulphate, 10000 mg; Zinc sul-
phate, 1800 mg; Cobalt sulphate, 300 mg.
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Table 2. Body weight development (g/bird) of ducklings during the experiment
Table 3. Weight gain (g/bird) of ducklings during the experiment. 
* * 0= 2 weeks of age
Means within the same row with different superscripts are significantly different (P < 0.05).               
T1: the control diet 16% protein ; T2 : 16% protein ; T3: 14% protein ; T4 : 12% protein.
Means within the same row with different superscripts are significantly different (P < 0.05).   
Table 4. Feed intake (g/bird) of ducklings during the experiment
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intake of ducklings fed 16% protein diet (T2) is
slightly higher than the control by 512g/bird, while
the feed intake of birds fed 14% protein diet (T3)
was decreased by 11g/bird. The birds fed 12% pro-
tein diet (T4) highly decreased in feed intake which
reached to 686 g/bird.
The results in Table 5 cleared that, inclusion of
1.5% citric acid improved Feed conversion ratio
(FCR) compared with the control one who has the
same level of protein by the ratio 0.36, while duck-
ling fed 14% protein diet supplemented with CA
has nearly the same feed conversion ratio. Con-
versely, the birds fed 12% protein diet supple-
mented with CA lowered the feed conversion ratio
by 0.31.
The obtained data in Table 6 revealed that, no
significant differences in preslaughter weight, hot
carcass percentage, eviscerated carcass percentage,
dressing percentage and relative percentage of in-
ternal organs (heart, liver, spleen and gizzard) be-
tween different experimental groups. Birds fed on
16% protein diet supplemented with CA (T2)
recorded significantly (P<0.05) higher weights of
hot carcass, eviscerated carcass and dressed carcass
than other treatments. However, birds fed on 12%
protein diet supplemented with CA recorded sig-
nificantly (P<0.05) lower gizzard weight than the
other treatments.
The obtained results in Table 7 cleared that, a
significant (P<0.05) increase in globulin and a sig-
nificant (P<0.05) decrease in albumin,
albumin/globulin ratio, cholesterol and uric acid
and no significant difference in triglycerides be-
tween duckling fed 16,14 and 12% protein diets
supplemented by citric acid and the control one.
There were no significant differences in serum total
protein for duckling fed 14 and 12% protein diet
supplemented by citric acid and the control one.
Birds fed on 16% protein diets supplemented by
citric acid had significantly (P<0.05) higher serum
total protein than the control one.
The effect of dietary acidification on pH values
of different GI-tract segments are presented in
Table 8. The results indicated that, citric acid sup-
plementation reduced duodenum, jejunum and
ileum pH values compared with control group.
However, the differences were not significant.
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Table 5. Feed conversion ratio of ducklings during the ex-
periment
Table 6. Carcass trait parameters of ducklings in the experiment
Means within the same row with different superscripts are significantly different (P < 0.05).   
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Total feed cost, total production cost, price of
body weight, net revenue and economic feed effi-
ciency were calculated and presented in Table 9.
From the table it was observed that, revenue and
economic feed efficiency were increased with 16
and14% protein diets supplemented with citric acid
and were decreased with 12% protein diet supple-
mented with citric acid compared with control one.
The results cleared that, the birds fed 16% pro-
tein diet supplemented with citric acid gave the best
economic feed efficiency (49.89%), while birds fed
12% protein diet supplemented with citric acid
gave the worst one (30.42%). The birds fed 14%
protein diet gave the intermediate values (42.52%)
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Table 7. Blood parameters of ducklings during the experiment.
Table 8. Intestinal pH value of ducklings during the experiment.
Table 9. Economical evaluation of the different experimental diets.
Means within the same row with different superscripts are significantly different (P < 0.05).   
Means within the same row with different superscripts are significantly different (P < 0.05).   
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Discussion
The body weight of ducks supplemented with
citric acid was significantly (P<0.05) higher than
ducks in control group. The obtained results are in
harmony with the results of Abdel-Fattah et al.
(2008); Islam et al. (2008); Chowdhury et al.
(2009); Ghazalah et al. (2011); Islam et al. (2012)
who reported that, giving broiler CA (0.25 – 3%)
improved body weight and body weight gain. On
the contrary, Öztürk et al. (2004); Atapattu and
Nelligaswatta (2005), Ao et al. (2009); Talebi et al.
(2010); Kopecký et al. (2012) revealed that, no ef-
fect on body weight of broilers by addition of acid-
ifiers to diets. The improved body weight gain is
probably due to the beneficial effect of organic
acids on the gut flora. The organic acids may affect
the integrity of microbial cell membrane or cell
macromolecules or interfere with the nutrient trans-
port and energy metabolism causing the bacterici-
dal effect (Ricke, 2003). Use of organic acid
mixture decreases the total bacterial and gram neg-
ative bacterial counts significantly in the broiler
chicken (Gunal et al., 2006). Besides, organic acids
supplementation has pH reducing property, al-
though non significant, in various gastrointestinal
segments of the broiler chicken (Abdel-Fattah et
al., 2008). The reduced pH is conducive for the
growth of favourable bacteria simultaneously ham-
pering the growth of pathogenic bacteria which
grow at a relatively higher pH. However, it is worth
mentioning that the effects of organic acids down
the digestive tract diminish because of the reduc-
tion in concentration of acids as a result of absorp-
tion and metabolism (Bolton and Dewar, 1964).
Thus, it can be hypothesized that the effect of or-
ganic acids in the distal segments of gastro-intesti-
nal tract could be due to the reduced entry of
pathogenic bacteria from the upper parts of gastro-
intestinal tract as a compensatory mechanism but
no valid literature regarding such mechanism was
found. The beneficial microbiological and pH-de-
creasing abilities of organic acids might have had
resulted in the inhibition of intestinal bacteria lead-
ing to the reduced metabolic needs, thereby in-
creasing the availability of nutrients to the host.
This also had decreased the level of toxic bacterial
metabolites as a result of lessened bacterial fermen-
tation, causing an improvement in the protein and
energy digestibility, thus ameliorating the weight
gain and performance of experimental birds. Fur-
thermore, the organic acids improve the villus
height in the small intestines and also have a direct
stimulatory effect on the gastro-intestinal cell pro-
liferation as reported by Tappenden and McBurney
(1998) that short chain fatty acids increase plasma
glucagon-like peptide-2 (GLP-2) and ileal
proglucagon mRNA, glucose transporter (GLUT2)
expression, and protein expression, which are all
signals which can potentially mediate gut epithelial
cell proliferation. These histological changes in
small intestines probably had increased the intes-
tinal surface area, facilitating the nutrient absorp-
tion to a greater extent and, thus boosted the growth
promoting effect of organic acid supplementation.
The decrease in feed intake of birds fed 14 or
12% protein diet supplemented with citric acid may
be attributed to the low level of protein and not to
the citric acid. Nezhad et al. (2007) found that, the
addition of citric acid did not affect feed intake in
broilers supplemented with citric acid and similar
results were found by Chowdhury et al. (2009).
However, this observation was not found by
Moghadam et al. (2006); Islam et al. (2008) who
reported that, the effects of citric acid on feed in-
take of broilers were significant.
The lower values of FCR of birds fed 14 or 12%
protein diet supplemented with citric acid may be
attributed to the low level of protein and not to the
citric acid. These results are in concordance with
the reports of earlier researchers (Abdel-Fattah et
al., 2008; Chowdhury et al., 2009) who found that,
dietary inclusion of citric acid significantly im-
prove feed conversion ratio in broiler chickens
compared with control group. At the opposite di-
rection, the present results disagreed with that re-
ported by previous studies (Atapattu and
Nelligaswatta, 2005; Islam et al., 2008; Ghazalah
et al., 2011) who reported that, dietary inclusion of
organic acids had no significant effect on feed con-
version ratio in broiler chickens.
The present data agreed with that reported by
Öztürk et al. (2004); Adil et al. (2010), who stated
that, addition of organic acids had no significant ef-
fect on the carcass characteristics (dressing per-
centage, liver and spleen weights) of broiler
chickens. Moreover, Wang et al. (2010) reported
that, eviscerated carcass percentage was not influ-
enced by dietary CP concentration. However,
Abdel-Hakim et al. (2009) declared that addition
of citric acid to the diet was associated with higher
liver percentage (P<0.05).
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The obtained results indicated that, supplemen-
tal organic acids may improve immune response.
Globulin level has been use as indicator of immune
responses and source of antibody production. This
established enhancement of immune response as-
sociated with dietary acidification could be account
for their inhibitory effects against the pathogenic
microorganisms throughout the GI-tract. This re-
sults in harmony with Rahmani and speer (2005)
who found higher percentage of gamma globulin
in broilers given organic acids than the control one.
These findings are in agreement with Abdo (2004);
Abdel-Fattah et al. (2008) who observed that,
blood total lipids and cholesterol decreased signif-
icantly by dietary acidifiers. However, Adil et al.
(2010) found no significant effect on serum cho-
lesterol in broiler chicks fed on organic acids. 
The pH values in specific areas of the GI-tract
is a factor which establishes a specific microbial
population, and also affects the digestibility and ab-
sorptive value of most nutrients. Most of pathogens
grow in a pH close to 7 or slightly higher. In con-
trast beneficial microorganisms live in acidic pH
(5.8-6.2) and compete with pathogens (Boling et
al., 2001; Rahmani and Speer, 2005). 
Results of the present study are in harmony with
the results of Denli et al. (2003); Öztürk et al.
(2004) who reported that, giving broiler diets con-
tain organic acid mixture showed insignificant re-
duction in the intestinal pH. Similarly, Atapattu and
Nelligaswatta (2005); Abdel-Fattah et al. (2008)
noticed that CA at level of 1-3% of diet doesn’t
alter the pH of the GI-tract after gizzard. These au-
thors referred this insignificant effect to the strong
buffering action of the GI-tract in poultry. How-
ever, Ghazalah et al. (2011) found that CA at levels
of 1, 2 and 3.0% of diet significantly (P<0.05) re-
duced duodenum, jejunum and ileum pH values
compared to control group. 
Conclusion
It could be concluded that citric acid supple-
mentation to 16% protein diet had positive effect
on growth performance and carcass traits parame-
ters of molar ducks. 
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